ABSTRACT. We present a spectrum and a photometric analysis of the newly discovered, high-amplitude, solartype, eclipsing binary HO Piscium. A spectroscopic identification, a period study, q-search, and a simultaneous UBV R c I c light-curve solution are presented. The spectra and our photometric solution indicate that HO Psc is a W-type W UMa shallow-contact (fill-out ∼8%) binary system. The primary component has a G6V spectral type with an apparently precontact spectral type of M2V for the secondary component. The small fill-out indicates that the system has not yet achieved thermal contact and thus has recently come into physical contact. This may mean that this solar-type binary system has not attained its ∼0:4 mass ratio via a long period of magnetic braking, as would normally be assumed.
HO Piscium: History and Observations
HO Piscium {TYC 0620-1143-1, GSC 620 1143, Two Micron All Sky Survey J01301646 þ 1333250, [GGM2006] 9216203, αð2000Þ ¼ 01 h 30 m 16:435 s , δð2000Þ ¼ þ13°33 0 25:92″} was recently discovered as an eclipsing binary in the Northern Sky Variability Survey (Wozniak et al. 2004 ) and reported in the catalog by Gettel et al. (2006) . It was designated as "EB?" with a 11.0-11.8 mag range in V and an initial ephemeris of HJD min I ¼ 2; 451; 473:82343 days þ 0:3247 days × E:
It was also reported by ROTSE I ) with a V max of 11.016, an amplitude of 0.692 mag, and a period of 0.324736 days. HO Psc was named in the 80th name list of variable stars (Kazarovets et al. 2011 ) and designated as an EW system. ΔðB À V Þ < 0:2, as designated on the finding chart included for the convenience of future observers as Figure 1 .
FINDING CHART

OBSERVATIONS
Our U, B, V , R c , and I c light curves were taken with the Lowell 0.81 m reflector in Flagstaff with a CryoTiger-cooled (< À 100°C) NASACAM, a 2K × 2K chip, and standard UBV R I Johnson Cousins filters. They were taken on 2008 September 19, 20, and 21 on Lowell scheduled time through our association with the National Undergraduate Observatory. Our light curves arise from 205 individual CCD images in U and in B, 206 in V , 202 in R c , and 201 in I c . They were calibrated with 25 biases, five flats in each filter, and 10 300 s dark frames. The standard error of a single observation was 5 mmag in U, 3 mmag in B, 6 mmag in V , 5 mmag in R c , and 4 mmag in I c . Figure 2 shows sample observations of U, B, and U À B color curves on the night of September 19. Tables 1-5 list the observations in ΔU, ΔB, ΔV , ΔR c , and ΔI c . Table 2 is shown in its entirety in the electronic version of the PASP. A portion is shown here for guidance regarding its form and content. Table 3 is shown in its entirety in the electronic version of the PASP. A portion is shown here for guidance regarding its form and content. Table 4 is shown in its entirety in the electronic version of the PASP. A portion is shown here for guidance regarding its form and content. Table 5 is shown in its entirety in the electronic version of the PASP. A portion is shown here for guidance regarding its form and content.
PERIOD DETERMINATION
Four mean times of minimum light were determined from the UBV RI observations in each of the bands. These are the values listed with uncertainties in Table 6 . These, along with the epoch from Nicholson & Varley (2006) , were used to determine the following improved ephemeris:
HJD min I ¼ 2; 454; 731:6906ðAE0:0001Þ days þ 0:32469898ðAE0:00000008Þ × E: (2) The O À C residuals of equation (2) are shown graphically in Figure 3 and are given in Table 6 .
SPECTRAL CLASSIFICATION
In order to obtain a firm determination of the system's spectral type, we observed the spectra of HO Psc at Dominion Astrophysical Observatory (DAO) with the 1.8 m telescope at a resolution of 60 Å mm À1 . The midtime of exposure was 04∶52∶21 UT, 2008 November 23, which corresponds to phase 0.98 and is close to primary eclipse. At this phase, the back side of the more massive component fills the view. Here, the strength of the G band, the calcium H and K lines, the Ca I 4227 Å line, and the Hγ to Fe I 4384 Å all indicate a G6V AE 1 spectral classification. Figure 4 shows the spectra taken of the variable and a spectroscopic standard star of a similar type. The recent observations of Terrell et al. (2012) give B À V ¼ 0:717 (0.014) and EðB À V Þ of 0.054-0.075, which makes the corrected B À V ∼ 0:66, or G4V. Since this color index is not tied to any particular orbital phase, the photometrically determined spectral subtype could well overlap the actual spectral type during the orbital cycle, so it is quite reasonable.
LIGHT CURVES
The light curves were folded in ΔU, ΔB, ΔV , ΔR c , ΔI c , ΔðU À BÞ, ΔðB À V Þ, and ΔðR c À I c Þ color curves using equation (2). They are given in Figures 5a, 5b , and 5c. All bands give high-precision, high-amplitude W UMa light curves, apparently partial eclipsing, and an obvious O'Connell effect due to spot activity is apparent.
SYNTHETIC LIGHT-CURVE SOLUTIONS
The curves were premodeled with Binary Maker 3.0 (Bradstreet & Steelman 2002) fits in all filter bands. The parameters were then averaged and used as input into the WilsonDevinney program (Wilson & Devinney 1971; Wilson 1990 Wilson , 1994 van Hamme & Wilson 2003) . Parameters are listed in Table 7 , with adjusted parameters indicated by their standard errors. The solution was computed in Mode 3, which is for overcontact systems, with allowance for a temperature difference between the two stars. Convective parameters, g 1 ¼ g 2 ¼ 0:32 and A 1 ¼ A 2 ¼ 0:5 were used. Following the first solution, a q-search (solutions at different fixed mass ratios, q) procedure was performed over a wide range, from 0:2 < q < 3:0, which minimized at q ∼ 0:4 (see Fig. 6 ). The mass ratio was then allowed to adjust for the final solution. A shallow-contact solution resulted with a fill-out of only ∼8%. The system is a W-type W UMa binary (the less massive component is hotter).
The final parameters include a mass ratio m 2 =m 1 ∼ 0:44, T 1 À T 2 ∼ 200 K, and an inclination of ∼80°. Hot spots were modeled on the primary and secondary components. The full solution is given in Table 7 . The UBV R c I c normalized flux light curves and the U À B, B À V , and R c À I c color curves of the variable are shown as Figures 7a, 7b , and 7c. The curves are calculated from the differential magnitudes (V À C) versus phase with the UBV R c I c light-curve solutions shown overlaying the data. The stellar surfaces are shown at quadrature phase in Figures 8a, 8b, 8c , and 8d.
DISCUSSION
The best model presents HO Psc as a W-type W UMa shallow-contact binary system. The less massive, but slightly hotter, component is eclipsed at phase 0.0. The small mass ratio and small fill-out indicates that the system has not yet achieved thermal contact and has therefore recently come into contact. This result means that the secondary component has the mass of an M-type star and its precontact state would be of that type. Thus, the usual scenario of magnetic braking that takes the system from a high mass ratio to a low mass ratio has not had time to occur yet. This suggests that the system achieved binarity with a fair discrepancy in the masses. Assuming a G6V spectral type for the primary component, we obtain a mass of 0:4M ⊙ for the secondary component and a precontact spectral type of M2V. Ultimately, the system will likely achieve thermal contact and slowly attain more extreme mass ratios and probably achieve an A-type W UMa configuration. Indeed, Lifang et al. (2004) suggest in their study of the evolution of W UMa systems that W-type W UMa systems evolve into A-type W UMa systems as mass ratios become more extreme and the fill-outs increase. With continued magnetic breaking, HO Psc will finally coalesce into a single, fast-rotating late F-or early G-type single star. However, at the present time, we have no orbital evidence for this scenario. Additional precision timings of minimum light will be needed over the next decade to determine the actual orbital evolution of this binary.
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